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Background: Resective epilepsy surgery is an established and effective method to reduce seizure burden in
drug-resistant epilepsy. It was the objective of this study to assess intraoperative blood loss, transfusion
requirements and the degree of hypothermia of pediatric epilepsy surgery in our center.
Methods: Patients were identified by our epilepsy surgery database, and data were collected via retrospective chart
review over the past 25 years. Patients up to the age of 6 years were included, and patients with insufficient data
were excluded.
Results: Forty-five patients with an age of 3.2 ± 1.6 (mean ± SD) years and a body weight of 17 [14; 21.5] kg (median
[25%, 75% percentile]) were analysed. Duration of surgery was 3 h 49 min ± 53 min, which was accompanied by an
intraoperative blood loss of 150 [90; 300] ml. This corresponded to 11.7 [5.2; 21.4] % of estimated total blood volume,
ranging from 0 to 75%. A minimal haemoglobin count of 8.8 ± 1.4 g/dl was measured, which was substituted with
erythrocyte concentrate (100 [0; 250] ml) in 23 patients. Body core temperature dropped from 36.0 ± 0.7°C at baseline
to a minimum of 35.7 ± 0.7°C, and increased significantly (p < 0.001) thereafter to 37.1 ± 0.7°C until the end of surgery.
A significant (p = 0.0003) correlation between duration of surgery and blood loss (Pearson r = 0.52) was observed.
However, age, minimal body temperature or number of antiepileptic drugs seemed to have no impact on blood loss.
Conclusion: Resective epilepsy surgery is a safe procedure even in the pediatric population, however it is associated
with significant blood loss especially during long surgical procedures.
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Epilepsy surgery has become a frequent procedure in
certain neurosurgical centers [1]. Two basic techniques –
which are disconnective [2,3] and resective procedures –
can achieve seizure-freedom, depending on the location,
size, and pathology of the epileptogenic focus. For resec-
tive methods, epileptogenic lesions are removed, which in-
cludes tailored resections, lobectomies, as well as selective
amygdalohippocampectomy [4].
Irrespective of the technique chosen, epilepsy surgery
has been shown to be a safe and effective treatment
for medically intractable epilepsy [5]. This applies to* Correspondence: marcus.thudium@ukb.uni-bonn.de
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unless otherwise stated.pediatric patients as well, who represent a significant
part of the patients undergoing epilepsy surgery since
epilepsy often emerges in childhood [6].
Although there are several studies on safety and out-
come of epilepsy surgery in general [3,7-10], only little is
known about pediatric epilepsy surgery [2,11,12]. So far,
only few manuscripts on the characteristics of epilepsy
surgery in childhood and its implications for the
anesthetist have been published [13-17].
Intraoperatively, especially children are at risk for
blood loss and hypothermia, due to their low absolute
blood volume and relatively high body surface area, re-
spectively. Since hypothermia has been shown to impede
coagulation, it may further aggravate blood loss [18].al Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
Table 1 Demographic and surgery related data
Parameter Mean ± sd Range
Gender 21 f/24 m
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sess blood loss and body temperature in pediatric epi-
lepsy surgery.Age [years] 3.2 ± 1.6 0 .. 6
Body weight [kg] 17 [14; 21.5] 10 .. 32
Height [cm] 104 [95; 113.3] 65 .. 120
Duration of
Surgery [hh:mm] 3:49 ± 0:53 1:40 .. 5:40
Anesthesia [hh:mm] 5:26 ± 1:06 3:10 .. 8:45
Ventilation [hh:mm] 6:15 [5:45; 6:55] 4:10 .. 12:45
ICU stay [hh:mm] 19:00 [17:27; 20:00] 7:30 .. 27:00
Data are displayed as mean ± standard deviation in case of normal distribution,
or as median [25%; 75% percentile] otherwise. Data were obtained from
45 children.Methods
This study was conducted in compliance with the
Helsinki declaration. The responsible ethics committee
(Ethikkommission an der Medizinischen Fakultät der
Rheinischen Friedrich-Wilhelms-Universität Bonn, Bio-
medizinisches Zentrum, Sigmund-Freud-Str. 25, D-53105
Bonn, Germany) granted an exemption from requiring
ethics approval for this retrospective chart analysis.
Patients were identified from the epilepsy surgery pro-
gram of our neurosurgical department from the year
1989 until 2011. All had received presurgical evaluation
at the Department of Epileptology, which included video
EEG monitoring, MRI imaging, and neuropsychological
testing if possible. We included pediatric patients with
resective epilepsy surgery procedures up to the age of six
years. Patients undergoing disconnective surgery and
children with missing anesthesia protocols or anesthesia
protocols with insufficient data were excluded.
In a retrospective chart review, we extracted data for
sex, age, weight, body height, preoperative Hb and coagu-
lation status, duration of surgery, duration of anesthesia,
duration of ventilation, hours of ICU stay, blood loss,
blood transfusion, administered liquids, minimal hemo-
globin count, body temperature, and numbers of antiepi-
leptic drugs. We estimated 80 ml/kg body weight total
blood volume for calculation of percentage of blood loss
[19,20]. Blood loss was measured as the volume within the
suction container minus the volume of the irrigation fluid
used. Dedicated suction containers were used for pediatric
neurosurgery which allowed us to measure blood loss with
an estimated accuracy of approximately 20 ml.
Data are displayed as mean ± standard deviation in case
of normal distribution, or as median [25%; 75% percentile]
otherwise. Normal distribution was tested using the
Shapiro-Wilk-test, and relationship between variables was
analysed applying Pearson’s product moment correlation.
Statistical significance was assumed at a p < 0.05.Results
Fifty-five children with resective epilepsy surgery could be
identified. Missing anesthesia protocols or charts led to
the exclusion of 10 patients, leaving 45 children for final
analysis. They consisted of 21 girls and 24 boys with an
age of 3.2 ± 1.6 years, a body weight of 17 [14; 21.5] kg
and a height of 104 [95; 113.3] cm (see Table 1 for demo-
graphic data). Children received 4 ± 2 different antiepilep-
tic drugs, ranging from 1 to 9. One patient suffered from a
Sturge-Weber-Syndrome and another two from Tuberous
Sclerosis Complex. The other 42 children suffered fromseizures caused by local lesions such as focal cortical dys-
plasia, or tumors.
Preoperative values for Hb, and coagulation status could
be obtained in 33 patients. Prothrombin ratio (Quick)
and partial prothrombin time (PTT) were 12.6 ± 1.6 g/dl,
99.8 ± 10.7%, 27.6 ± 1.9 s, respectively.
The children received midazolam for premedication.
Anesthesia was induced with intravenous thiopental at a
dosage of 7.0 ± 2.4 mg thiopental per kg body weight in 26
children. 10 children received induction with Propofol. In-
halational induction with sevoflurane was performed in 9
children, in which venous access would have been difficult
to achieve in the awake state. Anesthesia was maintained
with isoflurane except in 4 more recent cases (2010–2011)
where propofol was applied with a target-controlled infu-
sion (TCI) pump for total intravenous anesthesia (TIVA).
TIVA was guided with Bispectral Index - monitoring.
Fentanyl or remifentanil were used as opioids, and ve-
curonium or cis-atracurium for muscle relaxation. Core
temperature was monitored in all children via rectal
probes All 45 patients received arterial cannulae, and 4 re-
ceived a central-venous access.
Mean duration of surgery and anesthesia was 3:49 ±
0:53 h and 5:26 h ± 1:06 h, respectively. Duration of ven-
tilation (including intensive care unit) was 6:15 [5:45;
6:55] h, which was accompanied by a high variability in
length of ICU stay ranging between 7:30 h and 27:00 h
(median 19:00 [17:27; 20:00] h), see Table 1 for surgery
related data).
An absolute blood loss of 150 [90; 300] ml was observed
(see Table 2), which corresponds to 11.7 [5.2; 21.4] % of
total blood volume, with a high variability from 0 to 900
ml (corresponding to 0 up to 75%). This blood loss re-
sulted in a minimal intra-operative hemoglobin count of
8.8 ± 1.4 g/dl, which was substituted with 100 [0; 250] ml
red-cell transfusions in 23 patients (51%). The patient with
Sturge-Weber-Syndrome and the two with Tuberous
Sclerosis Complex did not differ in their blood loss from
Table 2 Transfusion and fluid management
Parameter Mean ± sd Range
Intraoperative blood loss [ml] 150 [90; 300] 0 .. 900
[% of total blood volume] 11.7 [5.2; 21.4] 0 .. 75
Minimal hemoglobin
concentration
[g/dl] 8.8 ± 1.4 5.7 .. 11.7
Transfusion of
Erythrocyte concentrate [ml] 100 [0; 250] 0 .. 770
Intravenous fluid
administration
[ml] 750 [500; 1000] 250 .. 1,600
Data are shown as mean ± standard deviation in case of normal distribution,
or as median [25%; 75% percentile] otherwise. n = 45 children.
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g/dl was usually trigger for red-cell transfusion, although
in 3 cases hemoglobin was below 9.5 and no blood was
transfused. 230 to 330 ml of fresh frozen plasma (FFP)
were given in 3 patients, usually whenever the estimated
blood loss exceeded one third of the total blood volume.
However, platelets were transfused in none of the patients.
There was great variation in the amount of isotonic fluids
used ranging from 250 to 1,600 ml, median 750 [500;
1000] ml. Fluids were constantly replaced during surgery
at different rates. We did not observe any significant
changes in heart rate or blood pressure indicating begin-
ning hypovolaemia.
Body core temperature dropped slightly from 36.0 ± 0.7°C
at baseline to a minimum of 35.7 ± 0.7°C (range 34.0 ..
37.1°C), and increased significantly (p < 0.001) thereafter
to 37.1 ± 0.7°C at the end of surgery (see Figure 1). The
temperature nadir was reached approximately one hour
after induction of anaesthesia. Rewarming was performed
via a heating blanket.
Pearson product moment correlation indicated a sig-
nificant (p = 0.0003) correlation between duration ofFigure 1 The body temperature, as obtained during baseline (left sid
intraoperative temperature is displayed in between. Body temperature incr
warming. Data are shown as median, 25/75% and 5/95% percentiles.surgery and relative blood loss (in percent of total blood
volume, Pearson r = 0.52, see Figure 2). In addition,
duration of surgery correlated significantly with minimal
haemoglobin concentration (r = −0.42, p = 0.006) and
with the volume of erythrocyte concentrate transfusion
(r = 0.50, p = 0.0005). However, no correlations were
found between age, minimal body temperature, or num-
ber of antiepileptic drugs and relative blood loss. There
was also no significant relationship between age and
minimal body temperature.
No vasopressors had to be used, and no resuscitation
or deaths occurred in any of the cases.
Discussion
While there is some literature regarding neuroanesthesia
and even literature dealing with pediatric epilepsy surgery,
complications of standard procedures in epilepsy surgery
remain largely unknown [14,15]. To our knowledge, this is
the first report on blood loss and hypothermia in a re-
latively large cohort of children undergoing epilepsy
surgery.
Blood loss
We found that blood loss is one major factor compro-
mising the safety of surgery, which is in accordance with
Pietrini et al. who reviewed neurosurgical procedures on
pediatric epilepsy patients. Whereas Pietrini et al. focused
on hemispherectomies [15], we were able to show that
resective epilepsy surgery is associated with considerable
blood loss as well. We observed that long lasting operating
times are associated with high intraoperative blood loss,
which has been described by Seruya et al. for a different
kind of pediatric surgery (frontoorbital advancements)
[21]. Data about blood loss in general intracerebral surgery
in children is scarce. In our retrospective study, we cannote) and the end of surgery (right side). In addition, the minimum
eased significantly from minimum to end of surgery by forced-air
Figure 2 The relation between intraoperative blood loss (expressed as fraction of the total blood volume) and the duration of surgery:
a significant positive correlation (Pearson r = 0.52, p = 0.0003) was observed between the duration of surgery and blood loss. Linear
regression revealed: blood loss = 0.081 × duration of surgery – 0.163.
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difficulties or anatomical anomalies, the amount of re-
sected tissue, coagulation disorders, or a combination of
these factors. Pietrini et al. stress the importance of con-
sidering coagulation disorders, especially when there is
massive blood loss and the amount of blood transfusion
approaches or even exceeds total blood volume [15]. In
any case, a highly efficient neurosurgical strategy is neces-
sary to avoid unnecessary loss of time, which could put
the patient at risk. During the long study period of 22
years, members of the surgical team were replaced by less
experienced personnel. It is possible that the experience of
the surgical team may correlate with length of surgery and
blood loss.
Antiepileptic medication could impede coagulation,
thus putting the patient at an increased risk of intraoper-
ative bleeding. For instance, an association between anti-
epileptic medication and coagulation disorders has been
reported for valproate, carbamazepine, and gabapentin
[22-24]. In contrast, Psaras et al. reported that under
medication of valproate no increased bleeding could be
observed [25]. We analysed whether the number of dif-
ferent antiepileptic drugs would affect intraoperative
blood loss, but were unable to find any correlation
which confirms earlier reports by Manohar et al. [26].
Blood transfusion strategy is a subject which is con-
stantly under discussion [27]. Since rapid changes in
blood pressure of heart rate could not be observed, we
can assume that volume management with istonic fluids
was adequate leaving the Hb value as the main param-
eter for blood replacement. Recently the threshold for
transfusion in pediatric patients has become much more
restrictive since it has become evident that a more
liberal strategy results in worse outcomes. A transfusion-
trigger of 7 g/dl has been suggested for pediatric patientsin intensive care units [28]. While this can be applied to
stable conditions, intra-operative conditions with mas-
sive blood loss in a short period of time may necessitate
more liberal strategies in order to avoid critical anaemia
and hypovolaemia. In our series, a trigger of 9.5 g/dl has
usually been used even in recent operations. This re-
flects not only historical transfusion strategies, but also
the dynamic intra-operative setting that may demand
earlier blood transfusion.
As in red-cell transfusion, FFP transfusion practices
remain controversial. According to recommendations,
FFP should be given to correct microvascular bleeding
in the presence of coagulation test disorders or to cor-
rect microvascular bleeding during massive blood trans-
fusion [29]. However, in the pediatric setting even small
blood losses can result in disseminated intravascular
coagulopathy (DIC). Performing a coagulation test and
defrosting of FFPs takes approximately 60 to 90 minutes
(including transportation of blood sample and FFP) in
our hospital. Given the fast dynamic of DIC, awaiting
the coagulation test results in a situation of profound
blood loss would have put the children in jeopardy.
Therefore, fresh frozen plasma was given whenever the
estimated blood loss exceeded one third of the total
blood volume.
Temperature management
There is evidence that hypothermia is frequent especially
in small children which can have adverse effects such as
surgical site infections and coagulation disorders [30]. In
adults, already mild hypothermia (<36°C) has been re-
ported to significantly increase blood loss and trans-
fusion requirements in adults [18]. Mild hypothermia
occurred in our study too, however we observed no as-
sociation between body temperature and intraoperative
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the end of surgery using forced air warming blankets,
which have been shown to be effective in maintaining
intraoperative hypothermia [31]. Hence, intraoperative
hypothermia is of concern in children, however modern
heating devices seem to have resolved this issue in the
majority of patients. This seems to especially true in the
neurosurgical setting, where the entire patient (except
for the head) could be covered with heating blankets.
Induction and monitoring
In our series, thiopental and, more recently, propofol were
used for intravenous induction of anesthesia. We did not
observe an effect of antiepileptic drugs on the dosage of
thiopental for induction, which has been described to be
between 5 and 8 mg/kg body weight, depending on age
[32]. Propofol was administered via TCI pump for 4 recent
cases. This reflects the fact that TIVA has become popular
in the field of pediatric anesthesia especially when com-
bined with monitoring depth of anesthesia [33]. Sevo-
flurane has become a standard agent for inhalational
induction of anesthesia in children. However, excessive
high sevoflurane concentrations are to be avoided due to
its epileptogenic potential [34].
Intraoperative fluid management can be challenging
especially in the pediatric setting, especially when there
is significant blood loss that has to be restored. hence,
sufficient invasive or non-invasive monitoring is neces-
sary, and arterial cannulation is recommended in intra-
cranial resections. In fact, all of our patients received
arterial cannulae.
In contrast, the use of central venous catheters is con-
troversial in the pediatric setting [14]. Only 4 of our
patients received a central venous catheter. Since no va-
sopressors had to be used, it seems that fluid manage-
ment was adequate without central venous catheters.
However, invasive monitoring including methods such
as PiCCO might be advantageous in certain major resec-
tions as it has been suggested by Pietrini et al. [15].
None of children required cardiopulmonary resuscita-
tion, and no no case fatalities occurred. We therefore re-
gard resective epilepsy surgery as a safe procedure even
in small children.
Conclusion
We conclude that resective epilepsy surgery is associated
with a significant blood loss, especially during surgery
with long operating times. This has to be taken into
consideration by the anesthetist and the neurosurgeon
especially in pediatric patients where fluid and blood
management is more critical than in the adult popula-
tion. Intraoperative hypothermia is of concern in chil-
dren, however forced air warming seems to be effective
in restoring normothermia in pediatric epilepsy surgery.Competing interests
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